Background: Helicobacter pylori infection is recognized as a major contributory factor to many diseases, but recommended eradication therapies demonstrated unsatisfactory eradication rates. Currently, some studies suggested that lactobacillus species have an inhibitory action on Helicobacter pylori both in vitro and in vivo.
INTRODUCTION
Helicobacter pylori (H. pylori) has been associated intimately with chronic gastritis and increases the risk of peptic ulcer, gastric cancer, and mucosa-associated lymphoid tissue lymphoma (1, 2) . It is commonly recommended to screen patients for H. pylori infection, with mild or severe gastrointestinal symptoms, and to treat them with eradication therapy. H. pylori eradication is reported to significantly ameliorate the quality of life in H. pylori-positive patients with functional dyspepsia (3) . Conference of Maastricht even suggested that the eradication might reduce the risk of developing gastric cancer. Nevertheless, the eradication rates with conventional proton-pump inhibitor (PPI)-based therapy, have become unacceptably low over the last decade (4) . It is thought to be largely due to the resistance to the antibiotics (5, 6) , as well as the burden of antibiotic-associated gastrointestinal side effects (diarrhea, vomiting, nausea, epigastric pain, and metallic taste).
As a living microbial species improving the intestinal environment and inhibiting harmful bacterium, lactobacillus is considered to play a crucial role of stabilizing intragastric micro-ecological environment. When the inhibition of H. pylori by normal dominant bacteria weakens, the related diseases caused by H. pylori may occur. It was shown that the co-existence of lactobacillus and H. pylori was low in the gastric biopsies of symptomatic patients (7) . If the co-existence of both species along with the eradication regimens is reestablished, the growth and the recur-rence of H. pylori may be inhibited.
Currently, lactobacillus has been demonstrated anti-H. pylori activity in vitro and in animal models of H. pylori infection (8) (9) (10) (11) . Several clinical trials have reported the great therapeutic value of lactobacillus preparations in anti-H. pylori regimen. Deguchi et al. (12) indicated a significant improvement in eradication rate with yogurtplus-triple treatment (PPI + amoxicillin + clarithromycin + probiotic for 7 days). Ojetti et al. (13) also concluded the result that the eradication rate of second-line triple therapy raised by 18 % with probiotic supplementation, and the incidence of nausea and diarrhea reduced distinctly. However, the addition of probiotics obtained a significant decrease of side effects, while there was no statistical alteration of eradication in the trial of Manfredi (14) . The study of Medeiros et al. (15) , administrating L. acidophilus as a supplement to triple therapy also showed no benefit on eradication. Yoon et al. (16) conducted a triple therapy with probiotic for 14 days (probiotic + PPI + moxifloxacin + amoxicillin), which neither enhanced eradication rate nor lowered the overall adverse effects. The previous meta-analyses such as Zou et al. (17) demonstrated that Lactobacilli-containing probiotic as an adjunctive agent conferred a positive impact on improving eradication rates and reducing therapy-related side effects. The analysis of Wang et al. (18) came to the same conclusion. Nonetheless, there were a few methodological shortcomings in those meta-analyses. So far, many trials have sought to evaluate the efficacy of lactobacillus added in the eradication therapies, but they were dramatically different in quality. At this moment, it is urgent to perform a high quality meta-analysis of randomized controlled trials (RCTs) that compares the eradication rates and side effects of a defined probiotic preparation with those of placebo (or blank control) in H. pylori-positive participants.
METHODS

Selection of studies
Trials were identified by systematically searching 6 electronic databases (Pubmed, Embase, Web of Science, The Cochrane Central Register of Controlled Trials, Google Scholar and Chinese Biomedical Database), by time up to October 2012. The following strategy was used to find eligible trials: ("randomized controlled trials" or "controlled clinical trials" or "clinical trials" or "random allocation" or "double-blind method" or "single-blind method" or "placebo") and [("Helicobacter pylori" or "H. pylori") and ("lactobacillus" or "probiotic" or "probiotics" or "yeast" or "yogurt")]. Besides, the reference lists from retrieved articles and abstracts of conference proceedings were also searched to identify the relevant studies. Other studies were attempted to be screened by contacting known authors of some identified trials. The unpublished studies were retrieved from the Clinical Trials. gov registry. Two reviewers (Z.X & L.L) independently screened the database search for titles and abstracts. If either reviewer determined the title and abstract meeting eligible criteria, the full text of the study was retrieved.
Criteria for considering studies
Inclusion criteria
− Only RCTs of high quality were included, with clear and adequate methods of randomization. Loss-up rates were less than 20 %. − Participants were assessed by 13 C-urea breath test, histology, and stool antigen test. At least one positive test result was considered as confirmation of infection. − Probiotics preparations and proton pump inhibitor plus two antibiotics were used in the intervention group in triple therapy. On each stage of sequential treatment, two antibiotics were allowed at most. The control group received the same eradication regimen with or without placebo. − The primary outcome was the rate of H. pylori eradication, which had to be confirmed at least 4 weeks after treatment. The secondary outcome was the frequency of overall adverse effects.
Exclusion criteria
− RCTs of high risk of bias were excluded, as well as the methods of randomization being unclear or inadequate. Quasi-randomized controlled trials were also excluded. − Participants had a history of drugs use for H 2 receptor antagonists or proton pump inhibitors, with concurrent cardiovascular diseases, immunologic diseases or upper respiratory tract infections in the past 3 months. − Probiotics contain Saccharomyces boulardii, Bacillus subtilis, Bacillus lausii or Clostridium butyrium. − Subsets of cases from a previously published article by the same author were excluded.
Quality assessment
Evaluation tools used to be selected such as Jadad scale, were not chosen due to the problems and defects with use (19) , and as strongly recommended in the Cochrane Handbook 5.1, the Cochrane collaborations' tool for inspecting the risk of bias was performed (20) . The study was considered to be low risk of bias if each of the bias items was low risk. On the contrary, study was judged as high risk of bias in the situation that one of the items was high risk. Two investigators independently gave each eligible study an overall rating of high, low, or unclear risk of bias, if dis- agreements emerged, and then consulted a third reviewer to obtain the final option.
Data extraction
Two reviewers (Z.X. & L.L.) independently abstracted relevant information from each eligible study depending on a standardized data abstraction sheet. Data were extracted pertaining to the location of trials, character of enrolled participants, initial/rechecking methods for assessing H. pylori infection, strain and course of probiotic treatment, H. pylori eradication regimens, follow-up time, and loss-up rate. Synchronously, the key outcomes recorded including eradication rates and incidence of total side effects were abstracted from all included studies. Disagreements between reviewers regarding data collection were resolved through discussion. The authors of the studies were contacted by e-mail and telephone for additional information if necessary.
Statistical analysis
Data were discreetly entered into RevMan 5.2. The dichotomous outcomes were statistically analyzed by Risk ratio (RR), and the results were reported with 95 % confidence intervals (CIs). Eradication rates and side effects were analyzed based on a fixed-effects model using the method of Mantel-Haenszel by Intention-to-treat (ITT) analysis. Number needed to treat (NNT) were calculated if there was significant statistical difference in the outcome between experiment group and control group.
Heterogeneity between the studies was assessed by chisquare test and I 2 statistic. If p < 0.1 and/or I 2 > 50 %, there was substantial heterogeneity. Moreover, I
2 was used to evaluate the level of heterogeneity (0-30 %: homogeneity; 30-50 %: moderate heterogeneity; 50-80 %: substantial heterogeneity; > 80 %: considerable heterogeneity). The sensitivity analysis was further examined by evaluating whether the exclusion study impacted on the pooled results.
For the primary outcome, planned subgroup analyses were performed based on species of probiotics, age and eradication regimens. Publication bias was assessed by a funnel plot (20) . Once outcomes were all evaluated, a summary of findings table was created according to the GRADE system (21, 22) .
RESULTS
Result of the search
The selection of eligible studies is outlined in figure 1 . Using bibliographical search strategy and yielding a total of 295 citations, of which 195 were not RCTs and 2 were duplicate reports of the same study. We excluded another 61 out from 98 articles through further screening (15 studies being non-corresponding publication type, 38 trials in animal or in vitro, 8 studies not combining with eradication regimens). At this point, full texts of the remaining 37 studies were retrieved for review. The reference lists from retrieved articles were searched. As a result, one relevant study could not be found in the database, but finally the full article was obtained by contacting the author.
Furthermore, one author of the eligible studies informed us of their plan for further relevant study on the step of making a placebo. Of the 38 full text articles (37 articles plus 1 trial mentioned above), 29 studies were excluded (3 trials being non-RCTs, 13 trials using inadequate randomization methods, 6 trials with wrong intervention, 2 trials with non-corresponding control group, 2 studies rechecking H. pylori infection within 4 weeks after treatment, patients in 2 trials with severe complications, and 1 trial having the loss-up rate more than 20 %).
Characteristics of included studies
Then identified studies were published between 2000 and 2012, all of which were conducted in Europe, Asia, and South America. There was 1 multicenter trial included (23) . The sample size for the eligible studies ranged from 40 to 337 patients and a total of 1,163 patients were identified including adults and children. The characteristics of 9 trials selected in the meta-analysis are summarized in detail in table I. Articles satisfied inclusion criteria and the data is available (n = 9) 197 papers excluded n = 195 reviews, methodological studies, editorials, case reports or comments for wrong publication types n = 2 duplicate reports of the same study 61 papers excluded n = 15 reviews, editorials, methodological studies, case reports, or comments n = 38 trials in animal or in vitro n = 8 not combining with eradication regimens 1 trials from reference lists of retrieved articles 29 papers excluded n = 3 non-RCTs n = 13 inadequate randomization methods n = 6 wrong probiotic species n = 2 inconsistent regimens n = 2 rechecking within 4 weeks n = 2 participants with severe complications n = 1 loss-up rate > 20 % Search for potentially relevant citations (n = 295) Papers from initial screening (n = 98) Full articles retrieved for further evaluation (n = 37) 
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Risk of bias assessment of included studies
All included studies performed a conventional parallel group design. Of all trials, sequence generation (method of randomization) was clear and appropriate. Concealment was unclear in 7 studies (12, 13, 16, (23) (24) (25) (26) , which was performed by using appropriately sealed boxes in 2 studies (14, 27) . Knowledge of the assigned intervention may impact on behavioral outcomes (such as number of clinic visits) but not on physiological outcomes. Thus, assessments of risk of bias resulting from lack of blinding may need to be made separately for different outcomes (20) . Blinding of participants and outcome assessment were regarded as low risk by system evaluation personnel because the first outcome in this study was physiological (Figs. 2 and 3) .
Eradication rates
Risk ratios for eradication rates were available for all selected trials. Of these included studies, 4 studies reported significantly enhancing eradication rates, and the remaining 5 studies had similar effect. The pooled RR in the experiment versus control group was 1.14 [95 %CI (1.06-1.22); p = 0.0002] by choosing the fixed effects model (Fig. 4) . The fixed effects model was used for the reason that there was no significant heterogeneity emerged among the studies [Cochran's Q = 11.67; p = 0.17; I 2 = 31 %]. The corresponding NNT was 10. To evaluate the stability of the results of this meta-analysis, we conducted a sensitivity analysis by estimating the pooled RRs in the absence of each study included in turn. It turned out that there was no significant change observed on account of exclusion of any studies.
Side effects
Total side effects were also conducted for meta-analysis. There were 5 cases (346 patients in the experiment group and 393 patients in the control group) displaying the data for total side effects rates. Using the fixed effects model, the pooled RR by ITT analysis for the probiotic group versus control group was not significant [RR = 0.88; 95 % CI (0.73-1.06)], while the heterogeneity was acceptable [Cochran's Q = 7.82; p = 0.10; I2 = 49 %] (Fig. 5 ).
Subgroup analysis
Since subgroup analysis would be beneficial for clinical conclusions, the primary outcome of eradication in the identified studies was stratified based on species of probi- 
Assessment of publication bias
A funnel plot of studies for the first outcome was made to detect publication bias (20) . It suggested a symmetric distribution around the effect estimate, indicating minimal publication bias in the literature for studies evaluating efficacy of probiotics in eradication therapy. However, less than 10 studies were included, in this condition, the funnel plot may not truly reflect publication bias (28) .
DISCUSSION
Summary of evidence
The results revealed that lactobacillus-containing probiotic supplementation potentially elevated H. pylori eradication rates by approximately 10 %, but side effects along with eradication treatment might not reduce significantly. Furthermore, in the subgroup analysis, eradication rates increased significantly by almost 17 % in lactobacillus used alone group. The eradication rates of patients administrated for lactobacillus-containing probiotics plus triple regimens significantly achieved an increase of 11 % compared with the control group, while sequential regimens supplemented with probiotics might not show significant improvement. In this meta-analysis, administrating lactobacillus-containing probiotics with the conventional regimens seemed to be effective in the eradication therapies both in children and adults. In the end, using the outcomes reviewed, a summary of findings table has been made on the basis of GRADE system (21, 22) (Table II) . For the primary outcome, that probiotics combined with traditional eradication increased the eradication rates was graded as moderate quality, and it was evaluated as strong recommendation. As the second endpoint, probiotics reducing the chances of side effects was graded as low quality.
Limitations of the study
In order to perform a meta-analysis of high quality, the studies seemed methodologically reasonable with regard to randomization, loss-up rate (< 20 %) and ITT analysis. Overall, no study of high risk of bias was included in our study. Potential limitations included unclear risk of bias of allocation concealment, attention and reporting, because of lack of adequate information to assess the methodology of included studies. Some trials of no blinding were included, as assessments of blinding bias resulting from lack of blinding may need to be made separately for different outcomes, the interventions may not impact on physiological outcomes (20) . In general, all bias referred above could not obviously have an influence on the outcomes. Bibliography retrieval was comprehensive for all included trials indexed in databases. However, there was a lack of research reported in North America, which was apparently another limitation. No obvious publication bias was detected in this study. Although probiotics may increase the eradication rate, they perhaps exert intricate influence on patients due to the complicated mechanism. Besides, considering the cost added to eradication therapy, the utilization of probiotics in clinical practice are probably limited.
Agreement and disagreement with other studies
It was confirmed in our study that lactobacillus-containing probiotic remarkably improved H. pylori eradication rates but the occurrence of total side effects did not significantly decrease. The former outcome agreed with other meta-analyses (17, 18, 29) , but the latter was inconsistent with the studies which suggested significant reduce of side effects. The following was a summary of the rational points. First, all the previous reviewers pooled odds ratios for the analysis, while we used risk ratios for data pooling. In the case that events are common, as is in the relevant clinical trials, the differences between odds and risks are large. When interventions increase the incidence of events, the odds ratio will be larger than the risk ratio. Likewise, for interventions that reduce the incidence of events, the odds ratio will be smaller than the risk ratio, so the misinterpretation will tend to overestimate the intervention effect, especially in the condition that events are common (for example, risks of events more than 20 %). This error in interpretation is pointed out in Cochrane handbook, which is quite common in published reports (20) . Second, pooling data from different genera of probiotics which are presumed with variations in their native intestinal microbial activity, may result in erroneous conclusions, and the results could be contrary to other probiotics. In the settings we excluded the probiotics containing Saccharomyces boulardii, Bacillus subtilis, Bacillus clausii or Clostridium butyrium. But this intervention factor was not taken into account by any previous reviewers. Last but not least, significant heterogeneity existed in the pooled data of side effects for the studies of Wang (I 2 = 84.6 %, p = 0.000) and Zou (I 2 = 62 %, p = 0.02). As mentioned above, the discrepancies were reasonably clarified.
Clinical implications
The results provide important clinical implications and direction for future researches. Therefore, successful eradication of H. pylori is a crucial component in the treatment of gastroenterologic and hematologic diseases including chronic gastritis, peptic ulcers, gastric adenocarcinoma, gastric-mucosa-associated lymphoid tissue lymphoma, sideropenic anemia, and primary immune thrombocytopenia. Nevertheless, H. pylori eradication rate of first-line triple regimen and rescue regimen with various patterns of antibiotic resistance are from 55 to 90 % and 70 to 90 % throughout the world (30) (31) (32) . Furthermore, because of the use of antibiotics in eradication therapy, they kill not only H. pylori, but also the normal flora in the stomach, equivalent to further damage of the gastric micro-ecological environment which leads to the bacterial superinfection and H. pylori infection recurrence. At this point, probiotics can be helpful to reconstruct the balanced environment.
Therefore several conjectural mechanisms have been proposed to discuss the effects of lactobacillus on H. pylori in vitro and in vivo trials. Firstly, the bacteriocins generated by lactobacillus exert an inhibition on H. pylori directly, and some other probiotic bacterium including bifidobacterium and enterococcus may also suppress the viability of H. pylori by producing heat stable proteinaceous compounds (33) . Secondly, it is concerning the secreted metabolites especially lactic acid produced by lactobacillus suppressing urease activity of H. pylori (34, 35) . Thirdly, the mechanism is that lactobacillus decreased the H. pylori load in the gastric mucosa through the stabilization of the mucosal barrier (36, 37) , to which the mucin secretion is the main approach, and it probably results from mucin gene allele mutation and expression (35, 38, 39) . Another mechanism is proposed to be the immunologic response which reduces inflammatory chemokine expression and lymphocyte infiltration (35, (40) (41) (42) . Iopioid and cannabinoid receptors can also be activated by probiotics, thus the discomfort resulting from antibiotics relieves (43) . In the future, researches for finding out the defined species of lactobacillus capable of exerting significant suppression of H. pylori, used with the most suitable dose and duration, may greatly benefit eradication treatment.
In conclusion, this is a moderate-quality and strong recommendation evidence, on the basis of GRADE system, that the application of lactobacillus-containing probiotic especially used alone is a safe choice for improving H. pylori eradication rates. Thus, lactobacillus used alone should be paid more attention to.
